Objectives: To pilot-test a Phone-based Postpartum Continuing Care (PPCC) protocol developed from existing evidence-based approaches to address both postpartum smoking relapse among low-income women who quit smoking during pregnancy and postpartum smoking increase among those who had cut down. Methods: One hundred thirty low-income pregnant women who were current or recently quit tobacco smokers were recruited at their first prenatal appointment and randomized to either a Control (standard care) or Experimental (standard care þ PPCC) group. An intent-to-treat analysis was conducted on biochemically verified data from 6 in-person interviews during pregnancy and postpartum. Feasibility with regard to recruitment, randomization, assessment, and implementation of PPCC were assessed, along with acceptability among the target population. Results: PPCC was found to be feasible and acceptable to some participants, but not all. There were no significant differences in tobacco products per day at 6 months postpartum between groups; however, effect sizes differed at 6 weeks compared with 6 months postpartum. Similarly, there were no significant differences between groups in cessation rate (24% in each group) and past 90-day tobacco use (59 vs 55 days, for Control and Experimental groups, respectively). Conclusions: The PPCC intervention did not differentially reduce tobacco use postpartum compared with a controlled comparison group, though it was found to be acceptable among a subpopulation of low-income pregnant women and feasible with regard to recruitment, randomization, assessment procedures, and implementation. Further research is needed to identify an intervention that significantly improves smoking relapse rates postpartum.
T obacco smoking among pregnant women is the leading preventable cause of poor pregnancy outcomes and a major public health issue. Despite the well-established negative health implications of smoking during pregnancy on mother and neonate, 15% of pregnant women aged 12 to 44 years reported cigarette smoking in the past month in the United States (US Department of Health and Human Services [USDHHS], 2014). Rates of past-month cigarette use typically decline from the first trimester to the second trimester, suggesting the occurrence of spontaneous quitting, but remain stable through the third trimester (eg, SAMHSA, 2009; Curtin and Matthews, 2016) . Evidence suggests relapse rates as high as 80% within the first 6 months postpartum (Colman and Joyce, 2003; Fang et al., 2004; Roske et al., 2006; SAMHSA, 2009) . Several risk factors are associated with continued smoking through pregnancy and relapse postpartum, such as low education level, low income, African-American race, multiparity, unmarried, high stress, and having a partner who smokes (Piper et al., 2010; Prady et al., 2012; ColemanCowger et al., 2016; Rockhill et al., 2016) . Several of these factors are nonmodifiable, so it is important to tailor an intervention to high-risk populations while also addressing the modifiable factors of partner smoking and stress. Given the difficulty some pregnant women face in quitting smoking completely, it is important to examine harm reduction through reduction in the number of cigarettes smoked per day among continuing smokers (Hughes, 2000; Nichter et al., 2008) .
The US Preventive Services Task Force (USPSTF) and the American Congress of Obstetricians and Gynecologists (ACOG) currently recommend asking all pregnant women about tobacco use and providing them with assistance to quit by utilizing the 5 As standardized behavioral intervention (ACOG, 2010; USPSTF, 2015) . The 5 As include the following steps: ask about tobacco use, advise to quit, assess willingness to make a quit attempt, assist in quit attempt, and arrange follow-up. This low-intensity behavioral intervention achieves a modest but clinically significant effect on cessation rates, with an average risk ratio of 1.7 (Melvin et al., 2000) . There is currently no formal recommendation for smoking cessation and relapse prevention postpartum. Prior research suggests that the 5As may not be effective for postpartum smoking cessation and abstinence (Chapin and Root, 2004) .
Several studies have attempted to reduce postpartum relapse by teaching ''relapse prevention skills'' during pregnancy. With few exceptions, relapse prevention strategies are typically taught in the prenatal period or the first few weeks postpartum. Unfortunately, a recent meta-analysis found that the provision of relapse prevention training during pregnancy did not reduce actual relapse postpartum (Hajek et al., 2009 ). Hajek et al. identified additional problems with extant literature, such as not using experimental designs best suited to the task, having limited power to detect expected small differences between interventions, low intensity of the intervention provided (ie, too few sessions over too short of a time), short length of time into postpartum that intervention is offered, difficulty with recruitment for relapse prevention-only interventions, lack of performance monitoring, exclusion of prepregnancy quitters, and not addressing factors known to be associated with increased risk of relapse (eg, partner's smoking habits, mental health, stress associated with a new baby). To be effective, any intervention needs to address these limitations and provide ongoing support for at least the first 6 months postpartum. Phone-based Postpartum Continuing Care (PPCC) was developed to address these limitations.
Phone-based continuing care has been shown to help with addiction treatment in general (McKay, 2009 ) and specifically with maintaining tobacco abstinence (Stead et al., 2006) . Most smoking cessation hotlines provide 24/7 services using some variation of the 5 As components, but require the smoker to make the initial call; however, proactive staff-initiated telephone counseling is significantly more effective at increasing quit rates than passive referrals to phone-based counseling (Lichtenstein et al., 1996; Brandon et al., 2000; Solomon and Flynn, 2005; Stead et al., 2006) . Studies have demonstrated the feasibility and promise of proactive phone-based counseling delivered during the postpartum period (Parker et al., 2007; Reitzel et al., 2010) , though results related to the efficacy of this approach have been mixed. Testing postpartum continuing care models is of great public health importance (Coleman-Cowger, 2012) , given that an effective intervention that continues to promote cessation and prevents postpartum relapse can fundamentally change the trajectory of health outcomes for mothers and their children. Smoking cessation during pregnancy improves the health of both mother and baby, and is considered a priority area for research both nationally and internationally. The continuation of smoking cessation care postpartum decreases the risk of long-term health consequences of second-hand smoke exposure, including asthma, SIDS, respiratory infections, behavioral problems, and an increased likelihood that the child will smoke in the future (Steldinger et al., 1988; Prady et al., 2012; Rockhill et al., 2016) .
A primary aim of this randomized controlled pilot trial was to test a PPCC protocol developed from existing evidence-based approaches to address high rates of smoking relapse and return to previous levels of use in the postpartum period among low-income women who quit or cut down on smoking during pregnancy. In addition, a secondary aim was to demonstrate the feasibility of recruitment, randomization, assessment, and implementation of the PPCC intervention. This study is 1 of the first to focus specifically on postpartum continuing care for smoking cessation and relapse prevention among low-income pregnant women.
METHODS

Participants
The sample for this pilot randomized controlled trial (RCT) was drawn from a population of low-income pregnant women attending their first prenatal visit at a single academic obstetrics clinic. Eligibility criteria included: first or second trimester of pregnancy; age 18 years or older; and self-reported tobacco use in the past 90 days. Women were initially screened by clinic staff and referred to research staff if eligible and with expressed interest in learning more about the study. All participants completed an in-person informed consent process with research staff within 1 week of their first prenatal visit. Data were collected at 6 time points: intake, 3 months postintake, 6 months postintake, 6 weeks postpartum, 3 months postpartum, and 6 months postpartum. Incentives in the form of gift cards were provided for each 20 to 30-minute visit completed, with increasing incentives at each visit.
Sample Randomization
Randomization took place after viability had been reached (week 26). Computer-based urn randomization was utilized to assign participants to either the Control (n ¼ 64; referral to a 24/7 state quit line postpartum-the current standard of care) or the Experimental (n ¼ 64; standard of care þ PPCC) group. Urn randomization conditions the probability assignment based on the cumulative assignments to date in each of the strata into which they fall. As a result, the selection process is systematically biased toward maintaining balance while continuing to retain randomization as the primary process.
The Project Coordinator informed Chestnut Global Partners (CGP) staff (via e-mail) and participants (via mailed letter with an enclosed ''Healthy Mom, Healthy Baby'' booklet and pedometer) within 1 week of assignment to the Experimental group. CGP, located in Bloomington, IL, was responsible for intervention delivery. Clinic staff, located in Baltimore, MD, were responsible for data collection, and were blinded to condition assignment since the Experimental group received PPCC off-site. CGP staff only interacted with women in the Experimental condition group. The study was approved by the Institutional Review Boards of the recruitment site (University of Maryland Baltimore), intervention delivery site (CGP), and research institution (Battelle Memorial Institute).
PPCC Intervention
The study investigator developed the initial PPCC protocol, and 3 separate versions of the protocol were evaluated by the target population (focus groups), 2 expert consultants with experience in phone-based relapse prevention with pregnant and postpartum women (Severson et al., 1995; Lopez et al., 2008; Brandon et al., 2012) , and an obstetrician-gynecologist boarded in addiction medicine. The final PPCC protocol went through 3 rounds of revisions prepilot and 1 round of revisions postpilot. PPCC combines 2 evidence-based approaches (Recovery Management Checkups [RMCs] and 5 As) to address factors associated with relapse and includes a manual for intervention delivery, patient booklet, and documentation booklet to be completed by those administering the intervention (see Supplemental Materials, http://links.lww.com/JAM/A68).
Phone-based Postpartum Continuing Care offers an individualized approach grounded in motivational interviewing (MI) that encourages abstinence foremost, and also stresses the importance of harm reduction for women who are in the contemplation stage of change and find it more difficult to quit smoking. PPCC was designed to offer 10 proactive calls with the option of calling in to a 24/7 toll-free number in the event of craving, lapse, or relapse. Ten themes were offered as discussion points (Introduction to Healthy Mom, Healthy Baby; Baby's Birth; Understanding the Process of Behavior Change; Managing Day-to-Day Stress; Partner Support; Breaking Down Common Barriers; Quit Plan; Relapse Prevention; Eating Well and Staying Healthy; Maintaining a Tobacco-Free Lifestyle), and participants choose what they wanted to focus on in every session. Further details related to the development of the PPCC protocol are reported elsewhere.
The intervention was delivered by CGP health coaches, who were trained on the PPCC protocol in a 2-day session after the protocol was finalized. Health coaches were all female, had at least a bachelor's degree in a related field, and had previously been trained in MI and phone-based smoking cessation counseling as part of their orientation training at CGP. CGP is 1 of the nation's leading vendors of evidence-based health coaching and disease management for tobacco cessation, substance use, depression, diabetes, and a range of other issues. All PPCC sessions were digitally recorded, and the Project Coordinator-a PhD psychologist with previous training in MI-provided individual supervision to each health coach on a bi-weekly basis over the course of the project. Bi-weekly peer supervision provided additional opportunity for feedback and training.
Phone-based Postpartum Continuing Care was designed to offer 10 proactive calls beginning in the third trimester of pregnancy (week 36) and continuing through 6 months postpartum with the option for participants to call in to a 24/7 tollfree number, different from the standard referral state quit line, in the event of craving, lapse, or relapse. For this study, PPCC was delivered from May, 2013 to March, 2015. Calls took place every 2 weeks for the first 3 months postpartum, then monthly for the last 3 months.
Study Design and Procedures
Data from in-person interviews and biochemical verification of smoking status (urine cotinine) was collected from participants at 3 time points during pregnancy and 3 time points postpartum. Attempts were made to schedule participants' interviews on the same day as an existing clinic appointment to increase compliance. When this was not possible, participants made a research-specific appointment to complete measures. Bus tokens were offered to offset transportation costs. Measures were self-administered via iPad and conducted in a private space.
Measures
Participants were given the same measures at all 6 data collection time points: Global Appraisal of Individual NeedsPregnant and Postpartum Women Screener (GAIN-PPWS), Tobacco Use Patterns Survey (TUPS), Edinburgh Postnatal Depression Scale (EPDS), and Perceived Stress Scale (PSS). The primary self-report measure was the GAIN-PPWS, derived from the Global Appraisal of Individual Needs, that included symptom count screeners in 5 areas (internalizing disorders, externalizing disorders, tobacco dependence, substance use disorders, psychosocial stressors), recency/ frequency of tobacco use, information on pregnancy, readiness to quit (as assessed by a 0-100 scale), and demographics. To determine tobacco use participants were asked ''When was the last time you smoked or used any kind of tobacco? Please include cigarettes, cigars, chewing tobacco and pipes.'' Those with past-year smoking were then asked: ''During the past 90 days, on how many days have you smoked or used any kind of tobacco?''; and ''On those days, how many times per day did you usually smoke or use any kind of tobacco? (Note: A pack of cigarettes would be about 20 times.)''
Given that the focus was on harm reduction rather than solely cessation, the primary outcome was number of tobacco products smoked per day. The following dependent variables were also monitored: number of days smoked in the past 90 days, smoking status (abstinent for past 7 days vs current smoker), times mother smoked while breast feeding, and times mother smoked in the room with the infant. Relative to the Control group, it was expected that in the 6 months after childbirth, women in the Experimental group would smoke fewer cigarettes, smoke fewer days, smoke fewer times while breastfeeding, and smoke fewer times while in the same room as the infant.
At each measurement point, on-site urine cotinine was measured (NicCheck I Test Strips, Mossman Associates Inc.). This test has been validated within pregnancy and postpartum (Hoffman, 1997; Swamy et al., 2011) . The test scale ranges from 0 to 14 (0: negative; 1-6: low; and 7-14: high nicotine consumer). The lowest concentration at which a clearly discernable positive result was visible was 2.5 mg/mL for cotinine.
Intervention Delivery
All women received 5 As as part of standard care during their prenatal visits and were given a referral to a 24/7 state quit line (1-800-QUIT-NOW) postpartum. PPCC health coaches made initial contact with participants in the Experimental group at 36 weeks of gestation (ie, 1 week before fullterm), called again within 1 week after the baby's birth, and 8 additional times over the course of the first 6 months postpartum, while utilizing a PPCC Counselor Manual and Documentation Booklet. In cases of preterm birth, the first call occurred within 2 weeks after the baby's birth. Each participant was assigned an individual female health coach to be in contact with until the end of the study. All PPCC sessions were digitally recorded and logged by staff. Independent research staff re-rated a random sample of these tapes for training feedback, quality control, and fidelity evaluation.
Data Analysis
The study design involved between-group comparisons to determine differences between the Experimental and Control groups. Analysis of smoking status was performed on an intent-to-treat (ITT) basis. All participants lost to follow-up were considered to be smokers. Statistical analyses were conducted using Stata (version 13.1) and SPSS (version 24). Outcome measures were binary variables (eg, maternal primary outcome: 7-day point prevalence abstinence) assumed to follow a binomial distribution; and discrete random variables (eg, number of tobacco products used per day), assumed to follow a Poisson distribution. Time was included in the statistical model as a ''repeated factor,'' to represent the 6 assessment points, thus allowing the evaluation of differential outcome course during pregnancy and the postpartum period as a function of the ''between-subjects'' Experimental Condition effect. A Generalized Linear Mixed Model (GLiMM) was used to conduct all analyses of outcomes that were measured repeatedly. Significance was determined by P value less than 0.05.
RESULTS
Participant Characteristics
In all, 790 women presenting to their first prenatal visit (ie, smokers and nonsmokers) were assessed for eligibility from March to December 2013, with 180 meeting eligibility criteria. Fifty participants were unable to be reached or expressed disinterest in participating in the study. Of those screened, 130 participants were enrolled of whom 2 individuals withdrew before randomization. In all, 128 participants were randomized, 64 into each group. Three participants miscarried while enrolled but before randomization. These participants were given the option of continuing or discontinuing with the study, and all chose to continue; 2 were randomized to the Experimental group and 1 to the Control group. Sixteen participants (25%) withdrew from the Intervention only (n ¼ 13) or from the entire study (n ¼ 3). Reasons for withdrawal from the Intervention only were: too busy (n ¼ 2), no longer need help (n ¼ 3), and no longer interested (n ¼ 4). Four participants did not offer a reason for their withdrawal. For withdrawals, data are reported up to the point of study withdrawal (Fig. 1) .
Most participants were African American (80.5%), never married (74.8%), were high school graduates (62.7%), not currently in the labor force (78.0%), and were current smokers (68.5%), with a mean age of 26 years (range 18-41). The median number of children per participant was 1 (mean 1.6), with a range of 0-7. Thirty-six per cent of the women had 0 to 1 prior pregnancies, 42% had 2 to 4 prior pregnancies, and 22% had 5 or more prior pregnancies. Of those who had at least 1 previous pregnancy, approximately 45% had a pregnancy result in miscarriage or stillbirth. Only 17% of participants reported that their current pregnancy was planned. The average age of tobacco initiation was 15.7 years (range 9-29). Among participants reporting having smoked at least 1 day out of the past 90, the average number of tobacco products smoked per day was 8.6, with smoking occurring on average 59 of the past 90 days. Regular weekly alcohol and other drug (AOD) use in the past month (ie., during pregnancy) was reported by 19%. There were no significant differences in any of these characteristics between groups (Table 1) .
Urinary Cotinine
Cotinine levels were significantly correlated with selfreported tobacco products per day at each time point (r range: 0.26-0.46; P < 0.05). There were no significant differences in average cotinine levels between the Experimental and Control groups at any of the time points (Table 2) .
Smoking Patterns
Although participants in the Experimental group used tobacco on fewer days in the past 90 days than in the Control group at each postpartum time point, there were no statistically significant differences in the number of tobacco products used per day between the Experimental and Control groups (Table 3 ). More participants in the Experimental group were abstinent at 6 weeks postpartum (39% vs 25%; P ¼ 0.18) and 3 months postpartum (25% vs 14%; P ¼ 0.21). The percentage of smoking abstinent women was similar for the Experimental and Control groups at 6 months postpartum.
There was a significant decrease in past 90-day tobacco use from intake at each postpartum time point for the Experimental group, but not in the Control group. A similar trend was observed for the number of tobacco products used per day. Significantly fewer tobacco products were used at 6 weeks postpartum compared with intake within the Experimental group-this decrease was not evident in the Control group.
Postpartum Behaviors
Very few women reported breastfeeding postpartum: 18 at 6 weeks postpartum, 7 at 3 months postpartum, and 6 at 6 months postpartum. There were no differences in postpartum breastfeeding status or number of days smoking while breastfeeding between the Experimental and Control groups. Few women also reported smoking in the same room as their baby: 2 at 6 weeks postpartum, 5 at 3 months postpartum, and 3 at 6 months postpartum.
PPCC Feasibility
Phone-based Postpartum Continuing Care was found to be feasible in terms of recruitment, randomization, and assessment. Recruitment was reached 1 month earlier than anticipated. Randomization resulted in balanced groups, and assessment follow-up rates were higher than 60% at each postpartum measurement point. Specifically, follow-up rates were 69% at 6 weeks postpartum, 70% at 3 months postpartum, and 63% at 6 months postpartum. 
ANFV n=3 DBS n=1
Obtained 6 months post-intake (n=26) (4 missed, 28 skipped apt) 72.2% follow up
ANFV n=2
Obtained 6 weeks post-partum (n= 40) (12 missed, 3 skipped apt) 65.6% follow up
ANFV n=3
Obtained 3 month post-partum (n=42) (8 missed apt) 65.6% follow up
ANFV n=5
Obtained 6 months post-partum (n=38) 59.4% follow up
ANFV n=12
Obtained 3 months post-intake (n=56) (3 missed or 2 skipped apt) 90.3% follow up
ANFV n=1 DBS n=2
Obtained 6 months post-intake (n=32) (5 missed or 20 skipped apt) 72.7% follow up
ANFV n=3 DBS n=1
Obtained 6 weeks post-partum (n=41) (9 missed, 1 skipped apt) 65.1% follow up
ANFV n=4 DBS n=2
Obtained 3 months post-partum (n=44) (5 missed apt) 68.8% follow up ANFV n=2 Due to dropouts and inability to reach participants, 19 participants did not receive any PPCC intervention sessions. Therefore, 45 participants (70.3%) in the Experimental group received at least 1 PPCC intervention session, with the average number of sessions delivered being 2.3. The feasibility of implementing PPCC as a set 10-session protocol was not established; however, some women (n ¼ 4) completed 10 calls and did not want the calls to end.
DISCUSSION
Interventions to increase smoking reduction and cessation during pregnancy have shown modest results at best and no intervention has yet been shown to significantly improve reduction in relapse postpartum (Reitzel et al., 2010; Hajek et al., 2013; Levine et al., 2016) . Our goal was to address limitations noted from previous smoking cessation and relapse prevention studies during postpartum (Hajek et al., 2009 ) by utilizing a rigorous RCT study design, including prepregnancy quitters, extending the intervention to 6 months postpartum, and addressing known risk factors of relapse (eg, partner smoking and stress). The PPCC approach focused on monitoring and reintervention in a way that took into account factors known to be associated with relapse and the chaos of new mothers'schedules by utilizing proactive telephone counseling.
To that end, our study aimed to pilot-test a PPCC protocol and demonstrate its feasibility. This pilot RCT is 1 of the first to focus on the postpartum period in a smoking cessation evaluation. Limited benefits of including phone-based continuing care to standard care for smoking cessation during pregnancy were found; however, this was a pilot study that was not adequately powered to find significant effects, despite promising trends being observed.
Results from this study are comparable with other postpartum intervention studies. A RCT of postpartum phone-based intervention for smoking abstinence was performed by Reitzel et al., 2010 , who reported a slight improvement in abstinence rates with postpartum phone-based counseling in their unadjusted analysis, and also a slightly lower attrition rate compared with our study. However, their intervention included in-person counseling sessions for half of the study group, which makes it difficult to determine if phone-based counseling alone was the reason for the identified effect. In addition, the cohort consisted of pregnant women who had quit smoking during pregnancy, some of whom were recruited through advertisements, which likely represents a population with a higher motivation level than those included in the PPCC study. Similar to results reported herein was an apparent increase in effect size in participants who reported heavier smoking (Reitzel et al., 2010) . A second study evaluating the feasibility and cost effectiveness of postpartum phone-based smoking abstinence counseling found similar rates of adherence to treatment, with 86% receiving 1 phone call and 46% receiving 3 phone calls (Parker et al., 2007) . A more recent study of a postpartumadapted, behavioral smoking relapse prevention intervention that included content focused on women's postpartum concerns about mood, stress, and weight (Strategies to Avoid Returning to Smoking [STARTS]), or a supportive, time, and attention-controlled comparison (SUPPORT) also did not differentially improve rates of sustained tobacco abstinence postpartum compared with a time and attention-controlled comparison (Levine et al., 2016) .
Results converge to paint a picture of the immense challenge of addressing postpartum relapse to smoking. This challenge should not serve to hinder further research, but should highlight how dire the need is for more work in this area. The strengths of the PPCC study are its focus on continuing care in the postpartum period when risk of relapse and increased smoking is high, use of a randomized pretestposttest control design to evaluate PPCC, individualized intervention tailored to a high-risk population of pregnant smokers, and biochemical verification of smoking. Promising trends were noted in this population and the infrastructure is in place for incorporating PPCC into quitlines should a larger trial find significant effects; however, modifications to PPCC would be needed before the conduct of a larger trial.
There were several limitations with this study. As this was a pilot study, the sample size was small and there was a low dose of the intervention that was received by participants in the Experimental condition. These factors may explain the lack of statistical significance between the 2 groups. There was also a trend observed with the Experimental group being heavier smokers than the Control group, which could be indicative of these individuals finding it more challenging to quit or cut down on smoking. There was a significant dropout rate in the Experimental group; several participants were unable to be contacted or had issues with transportation and childcare, limiting their ability to follow-up in person and provide urine samples for cotinine testing. Nicotine replacement therapy (NRT) and e-cigarette use were not assessed in this study, and no distinction was made between tobacco products, all of which may have impacted cotinine levels. Finally, there was a possibility that any effect of PPCC could be explained at least in part by increased contact with participants. Each of these limitations limits the generalizability of pilot findings, but would be addressed in a larger clinical trial through modifications to the PPCC protocol. A larger trial may modify PPCC to include contingency management, which has been shown to have the largest benefit to smoking cessation during pregnancy, but has only been minimally tested in the postpartum period (Gadomski et al., 2011; Higgins et al., 2010; Higgins et al., 2012) .
CONCLUSIONS
This pilot study provides important information for the design of future clinical trials to test postpartum smoking cessation and relapse prevention interventions. A small effect size was observed for PPCC, but power was not sufficient to draw conclusions. Trends were observed that suggest PPCC is a promising intervention, particularly in the first 3 months postpartum. Modifications are needed based on participant feedback, and PPCC may be better suited to a subgroup of pregnant smokers, given findings that some found it to be particularly appealing, whereas others did not. Those who found it appealing were more likely to complete more calls with a health coach, thus a satisfaction assessment after the second call may be appropriate to gauge interest in PPCC and learn how to best move forward to meet patient need. Based on the results of this study, further modifications of the PPCC protocol are warranted to more thoroughly explore promising trends identified in this pilot RCT. Additional research is imperative to address the continuing trend of high rates of relapse to smoking postpartum.
